Iran, with 247 mm annual rainfall, is categorized as an arid and semi-arid country in the world. More than 80% of Iranian land is arid and semi-arid. In addition, 75% of the precipitations are out of the growing season or running out from agricultural lands as runoff. About 55% of Iran's surface belongs to sloping lands being most prone to erosion and flood. Iran has a high rank in soil erosion (15-20 t ha -1 ) in the world. The damage of this erosion is about 14% of GDP. Water harvesting in sloping lands as a valuable method provides a suitable condition for establishment of commercial rainfed orchards. However, for establishment and management of rainfed fruit orchards, scientific and engineering principles such as macro-and micro-catchment, land topography, supplementary irrigation, straw and organic matter, sand filters, mulch and cover crops, should be considered. Presently, about 15.2% (386,493 ha) of fruit orchards in Iran are rainfed, producing more than 7.6% (1.21 MT) of the total fruit and nut crops production. In addition, these orchards mostly established in sloping lands have a key role to reclaiming lands and preventing soil erosion. The Agriculture Ministry of Iran conducted a project to extend such orchards in sloping lands. Some of the fruit and nut crops (including almond, olive, pistachio, walnut and grape) are considered to be used in this project because they are more adaptable to rainfed conditions. Sloping lands will be more suitable for fruit crops cultivation, if provided with enough supplementary irrigation.
INTRODUCTION
A large part of the income of Iran is dependent on oil industry. Oil industry as main source of energy in today's world plays an important role in determining a country's national power and international credibility. However, oil industry is non-renewable and should be preserved for future generations (Seyedmashhadi et al., 2011) . On the other hand, Iran has various climates and rich plant germplasm that can play an important role in the non-oil economy. Iran with 11 out of 13 current climates in the world, not only has a rich plant germplasm, but also has ideal conditions to develop agricultural industry (Yadollahi et al., 2013) . Humid climate in the north, cold weather with heavy snow in the northwest, hot summers and cold winters in the west, warm and dry weather in the center and southeast are only part of the extreme climates in Iran. Also, it is very easy to find a rich germplasm of agricultural plants, especially fruit trees in various parts of Iran (Vahdati et al., 2013) . Because of two huge mountain ranges (Alborz and Zagros in west and north of Iran, respectively), about 55% of Iran's lands is sloping lands being most prone to erosion and flood (Yadollahi et al., 2013) . Although these slope lands are very susceptible to soil erosion (in Iran, the damage of soil erosion is about 14% of GDP (15-20 t ha -1 )), they are considered as a good potential to develop sustainable agriculture. On the other hand, development of rainfed orchards in sloping lands plays an important role in food security and can provide the food demand proportional to population increases (Baig et al., 2013) .
Water harvesting in sloping lands as a valuable method provides a suitable condition a E-mail: kvahdati@ut.ac.ir for the establishment of commercial rainfed orchards. However, for establishment and management of rainfed fruit orchards, scientific and engineering principles such as macroand micro-catchment, land topography, supplementary irrigation, straw and organic matter, sand filters, mulch and cover crops should be considered (Yadollahi et al., 2013) .
MATERIALS AND METHODS
The history, distribution, characteristics and potentials of rainfed fruit orchards in different parts of Iran were reviewed. Information was collected through both available literature and field survey.
RESULTS AND DISCUSSION

Rainfed orchards in Iran
Iran is located in semi-arid and arid regions with 247 mm annual rainfall ( Figure 1 ). In addition, 75% of the precipitations are out of the growing season or running out from agricultural lands as runoff (Figure 2 ). Considering the existence of more than 900,000 ha sloping lands (55% of Iran's land), Iran has a high potential to develop rainfed orchards (Yadollahi et al., 2013) . Rainfed orchards have been established widely from many years ago in Iran. Some Iranian rainfed orchards not only have economic value in terms of fruit production, but also have a high attractiveness in terms of tourism and are considered as an international tourist attraction. Iranian rainfed orchards have been established traditionally so far (Rahemi and Yadollahi, 2006) . Presently, 15.2% (386,493 ha) of fruit trees orchards in Iran is rainfed, producing more than 7.6% (1.21 MT) of the total fruit production. Although traditional rainfed orchards have low yield, these orchards are mostly established in sloping lands and have a key role in reclaiming lands and preventing soil erosion. In order to improve the yield of traditional rainfed orchards and to extend such orchards in sloping lands, the Agriculture Ministry of Iran conducted a national project. Some fruit crops such as almond, olive, pistachio, jujube, grape and walnut were used in this project.
Scientific principles of rainfed fruit orchards
Although traditional rainfed orchards play an important role in preventing soil erosion, it is very important to increase the yield of these orchards (Rahemi and Yadollahi, 2006) . Using scientific principles in establishment and management of rainfed orchards, we can increase their yield and water use efficiency. The first step in establishment of these orchards is site selection and determining type of fruit species. Precipitation and slope are two most important factors in site selection of rainfed orchards. Lands with slope lower than 50% and annual precipitation higher than 200 mm are suitable for rainfed orchards establishment (Rahemi and Yadollahi, 2006) . Type of fruit and nut species in rainfed orchards is greatly dependent on the climate condition, particularly on precipitation and temperature. Nevertheless, almond, olive, pistachio, jujube, grape and walnut are among the most important fruit trees being compatible with rainfed conditions. Runoff is considered as the main reason for soil erosion. On the other hand, Iran's groundwater global withdrawal rate (with 600-700 km 3 year -1 ) is the world's most extracted raw material. Collection of runoff and precipitation as water harvesting can provide a large portion of the required water to extend and establish rainfed orchards (Akhtar et al., 2015) . Therefore, water harvesting is considered as a green evolution for rainfed orchards establishment (Kandiah et al., 2008) . Previous studies have shown that water harvesting led to 40% increase in the yield of grape orchards (Fooladmand and Sepaskhah, 2004) . Same results have been reported by Gazoripour (1997) in rainfed almond orchards. Micro-catchment (with different shapes including nigarim, counter bund, semicircular, eyebrow), macro-catchment (such as Meskat, Jessour, etc.) are respectively main methods of collecting surface runoff from a small and large scale catchment area and storing it in the root zone of an adjacent infiltration area (Prinz and Malik, 2005) .
In addition to water harvesting and orchard site, considering the other scientific principles such as rootstock selection, supplementary irrigation, orchard management (pruning, sand filtration, fertilization, pest and disease management, etc.), harvesting and fruit processing plays a critical role in the success of rainfed orchards (Yadollahi et al., 2013) .
CONCLUSION
Study of water requirements of different crops showed that less water is needed to produce a certain amount of fruit crops. In the other words, water use efficiency of fruit crops especially nut crops are significantly higher than other crops (such as cereals) and livestock. Existence of sloping lands (55% of lands in Iran) and high water use efficiency of fruit crops has attracted special attention to rainfed fruit orchards in sloping lands. Sloping lands have high potential for establishment of rainfed orchards, playing an important role in fruit production and making incomes for local people and strengthen their economic condition. On the other hand, development of rainfed orchards in sloping lands plays an important role in food security and can provide the food demand proportional to population increase. In addition, these kinds of orchards have a key role in reclaiming lands, preventing soil erosion, high attractiveness in terms of tourism and are considered as an international tourist attraction. Water harvesting in sloping lands as a valuable method provides a suitable condition for the establishment of commercial rainfed orchards as a powerful potential to develop sustainable agriculture.
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